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Subject Category: 07
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Work funded by NASA Small Business Innovation Research contract NAS3–27633. Project Manager, Richard P.
Woodward, Propulsion Systems Division, NASA Glenn Research Center, organization code RTA, 216–433–3923.

In this project, durable, high temperature ceramic foams were evaluated as potential passive broadband noise absorber/baffle materials
for reciprocating piston general aviation aircraft engines. In the Phase I project, a ceramic foam-based combined dissipative/reactive
muffler design proved its potential for successfully reducing the size, weight, induced backpressure, and noise of general aviation
aircraft engines. However, tuning the combined muffler design for specific engine noise reduction proved highly complex and difficult,
requiring analytical tools that did not as yet exist. In Phase II, numerous test methods were developed to screen various newly
developed ceramic foam-based muffler designs and evaluate their acoustic characteristics. More than 30 prototypes representing actual
muffler designs and containing Ultramet ceramic foams were fabricated and characterized. Methods for acoustic evaluation included
insertion loss bench, dynamometer, ground, and flight testing. Based on the results of these tests, Ultramet ceramic foams were shown
to be generally effective as broadband noise absorbers at frequencies above 800 Hz, particularly for larger general aviation engines.
The most promising ceramic foam-based muffler prototype reduced the noise emitted by a Continental O–200 engine by up to 14
A-weighted decibels (dBA) relative to the stock exhaust system (a short, straight pipe). Varying the ceramic foam design parameters
yielded variations of as much as 5 dBA in the induced sound pressure levels, but did not affect the frequencies reduced. However, the
backpressures induced by the majority of the ceramic foam muffler prototypes were well below maximum allowable levels. Given their
light weight and compact size (including required canning and inlet/outlet pipes), these mufflers can be retrofitted under the cowlings
of general aviation aircraft.
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